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(57) ABSTRACT 

Apparatus and methods are provided for reducing the vol 
ume of a lung using a clip including a plurality of tines. The 
clip is advanced along an interior of a bronchial passage to 
a predetermined location With the tines in a contracted 
condition. The tines are expanded outwardly to engage 
surrounding tissue, and then collapsed toWards the con 
tracted condition, thereby draWing the surrounding tissue 
inwardly to substantially close the bronchial passage from 
air ?oW therethrough. Optionally, electrical energy may be 
applied to the surrounding tissue after collapsing the tines to 
the contracted condition, thereby fusing the surrounding 
tissue together. The clip is then released Within or removed 
from the passage. 
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APPARATUS AND METHODS FOR REDUCING 
LUNG VOLUME 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to appara 
tus and methods for reducing the volume of a lung, and more 
particularly to apparatus and methods for isolating one or 
more regions of a lung using a clip that is deployed Within 
a bronchus or other passage to reduce the effective volume 
of the lung. 

BACKGROUND 

[0002] Patients With chronic bronchitis or other chronic 
occlusive pulmonary disease (“COPD”) may have reduced 
lung capacity and/or efficiency due to lung tissue breaking 
doWn. For example, in severe chronic pulmonary disease, 
e.g., emphysema, lung tissue may be damaged or destroyed, 
reducing the ability of the lung to effectively transfer oxy 
gen. One of the problems With emphysema and like condi 
tions is that the lungs become over-in?ated, ?lling the chest 
cavity and preventing the patient from being able to inhale 
effectively. 

[0003] In severe emphysema cases, lung volume reduction 
surgery (“LVRS”) has been suggested to improve lung 
ef?ciency. LVRS is performed by opening the chest cavity, 
retracting the ribs, and stapling off and removing a diseased 
or partially diseased portion of a lung. This may alloW the 
remaining healthier lung tissue to in?ate more fully Within 
the chest cavity, thereby increasing lung ef?ciency. LVRS, 
hoWever, is an extremely invasive procedure, and exposes 
the patient to substantial postoperative complications. 

[0004] Accordingly, apparatus and methods for reducing 
the volume of a lung While avoiding the need for open 
surgery Would be considered useful. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to apparatus and 
methods for reducing the volume of a lung, and more 
particularly to closure devices, and to apparatus and meth 
ods for delivering closure devices, such as a clip, Within a 
bronchus or other bronchial passage to reduce the volume of 
a lung and/or to isolate one or more regions of a lung. 

[0006] In accordance With a ?rst aspect of the present 
invention, a clip or other closure device is provided for 
closing a bronchial passage that includes a generally annular 
body or collar from Which a plurality of tines extend. The 
annular body de?nes an opening therethrough, Which may 
be generally circular and/or may have a predetermined 
asymmetrical shape that alloWs the clip to be detachably 
coupled to a delivery apparatus, such as that described 
beloW. The tines are movable betWeen a contracted condi 
tion, and preferably are biased toWards the contracted con 
dition, but are de?ectable toWards the expanded condition. 

[0007] In a ?rst embodiment, the tines may extend gen 
erally parallel to one another along an axis extending 
through the opening in the annular body in the contracted 
condition. Alternatively, the tines may be biased to extend 
toWards one another such that the annular body and the tines 
generally de?ne a plane. The tines may be de?ected axially, 
i.e., generally parallel to one another, to provide a delivery 

Feb. 20, 2003 

con?guration, and further de?ected radially outWard to 
de?ne the expanded condition. 

[0008] In another embodiment, the collar may be collaps 
ible toWards a contracted condition and expandable toWards 
an expanded condition. Preferably, the collar is biased to 
collapse toWards the contracted condition and may be 
expanded toWards the expanded condition, e.g., to deploy 
the closure device and/or to enhance engagement With 
surrounding tissue. 

[0009] In yet another embodiment, the closure device may 
include a plurality of elongate elements connected by an 
intermediate hinged region. The elongate elements may 
include ?rst ends de?ning tissue penetrating tips, and second 
ends opposite the hinged region. The ?rst ends may be 
biased toWards one another, but may be de?ected radially 
outWardly by compressing the second ends. 

[0010] In accordance With a second aspect of the present 
invention, an apparatus is provided for isolating a region of 
a lung that includes an elongate member, including a proxi 
mal end and a distal end having a siZe for insertion into a 
body lumen, such as a bronchial passage. A closure device, 
such as one of the clips described above, may be carried by 
the distal end, the closure device including a plurality of 
tines that are movable betWeen a contracted condition and an 
expanded condition. A de?ecting element, such as a ramped 
surface, an anvil, and the like, is also carried by the distal 
end of the elongate member. At least one of the de?ecting 
element and the closure device is movable relative to the 
other for de?ecting the tines outWardly toWards the 
expanded condition for engaging tissue surrounding the 
distal end. The tines are collapsible toWards the contracted 
condition, e.g., using their inherent bias or using a hammer 
also carried by the elongate member, for draWing the sur 
rounding tissue inWards to substantially close and/or seal the 
body lumen, as described further beloW. 

[0011] If desired, one or more other devices may be 
associated With the apparatus. For example, the apparatus 
may also include a source of energy, e.g., a radio frequency 
(RF) electrical generator, associated With the elongate mem 
ber. At least a portion of the closure device may be coupled 
to the source of energy for delivering energy to surrounding 
tissue engaged by the tines. For example, ?rst and second 
tines may be electrically coupled to ?rst and second leads, 
respectively, that extend through the elongate member. The 
?rst and second leads may be coupled to opposite terminals 
of the RF generator, thereby providing a bipolar arrange 
ment for applying energy to tissue. Alternatively, a single 
lead may be coupled to the closure device, and an external 
electrode may be attached to an exterior surface of a patient 
for providing a monopolar arrangement. In a further alter 
native, a ?rst lead may be coupled to the closure device, and 
a second lead may be coupled to a location on the distal end 
of the apparatus. 

[0012] Alternatively or in addition, a bronchoscope or 
other imaging device may be associated With the apparatus 
for vieWing beyond the distal end of the elongate member. 
For example, the elongate member may be a bronchoscope, 
a bronchoscope may be slidably inserted through a lumen in 
the elongate member, or a separate bronchoscope may be 
independently used along With the apparatus. 

[0013] A separate insuf?ation or aspiration catheter may 
also be provided or the elongate member may include a 
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separate lumen extending betWeen the proximal and distal 
ends. A source of ?uid, e.g., oxygen or helium, or other 
substance, e.g., a corrosive and/or bonding agent, may be 
connected to the elongate member for delivering the sub 
stance to a location beyond the distal end of the elongate 
member via the lumen. Alternatively, a source of vacuum 
may be connected to the elongate member for evacuating 
?uid, e.g., air, via the lumen. 

[0014] In accordance With another aspect of the present 
invention, a method is provided for reducing the volume of 
a lung using a closure device including a plurality of tines 
movable betWeen contracted and expanded conditions, such 
as those described above. The closure device may be 
advanced Within a bronchial passage to a predetermined 
location With the tines in the contracted condition. At the 
predetermined location, preferably a branch communicating 
With a region of the lung intended to be isolated and/or 
collapsed, the tines may be expanded outWardly toWards the 
expanded condition to engage tissue surrounding the prede 
termined location, e.g., the Wall of the bronchial passage. 
The tines may then be collapsed toWards the contracted 
condition, thereby draWing the surrounding tissue inWardly 
to substantially close and/or seal the bronchial passage from 
air ?oW through the predetermined location into and/or out 
of the region to be isolated. 

[0015] If desired, energy, such as electricity or heat, and/or 
an adhesive may be applied to the surrounding tissue after 
collapsing the tines to the contracted condition, thereby at 
least partially fusing or bonding the surrounding tissue 
together. Alternatively or in addition, a corrosive and/or 
bonding agent may be introduced into the region to be 
isolated before delivering the closure device for scarring 
and/or fusing tissue in the region to be isolated. In a further 
alternative, a conductive ?uid, e.g., saline, may be intro 
duced into the region to be isolated before closing the 
bronchial passage, electrical energy delivered via the ?uid to 
damage or scar the tissue, and the ?uid may then be 
removed. 

[0016] The closure device may then be released from the 
distal end after the tines have been collapsed to close the 
bronchial passage. Alternatively, the closure device may be 
WithdraWn from the predetermined location after applying 
energy and/or an adhesive, Which may be sufficient to close 
the bronchial passage Without the closure device. 

[0017] Other objects and features of the present invention 
Will become apparent from consideration of the folloWing 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1A and 1B are perspective vieWs of an 
apparatus for reducing volume of a lung, including a clip in 
contracted and expanded conditions, respectively, in accor 
dance With the present invention. 

[0019] FIGS. 2A and 2B are cross-sectional side vieWs of 
the apparatus of FIGS. 1A and 1B, respectively. 

[0020] FIGS. 3A-3D are cross-sectional vieWs of a lung, 
shoWing a method for isolating a region of the lung. 

[0021] FIGS. 4A and 4B are side and rear vieWs, respec 
tively, of a closure device for isolating a region of a lung in 
a contracted condition, in accordance With the present inven 
tion. 
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[0022] FIGS. 5A and 5B are side and rear vieWs, respec 
tively, of the closure device of FIGS. 4A and 4B in an 
expanded condition. 

[0023] FIG. 6 is a side vieW of an apparatus for delivering 
the closure device of FIGS. 4A and 4B. 

[0024] FIGS. 7A-7D are cross-sectional vieWs of a bron 
chial passage, shoWing a method for closing the passage 
using the apparatus of FIG. 6. 

[0025] FIGS. 8A-8C are cross-sectional vieWs of a bron 
chial passage, shoWing another apparatus and method for 
closing a passage. 

[0026] FIGS. 9A and 9B are front and cross-sectional side 
vieWs, respectively, of yet another embodiment of a closure 
device in an expanded condition, in accordance With the 
present invention. 

[0027] FIGS. 10A and 10B are cross-sectional side and 
side vieWs, respectively, of the closure device of FIGS. 9A 
and 9B in a contracted condition. 

[0028] FIGS. 11A and 11B are cross-sectional vieWs of a 
bronchial passage, shoWing a method for closing the passage 
using the closure device of FIGS. 9 and 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Turning noW to the draWings, FIGS. 1A-2B shoW 
a ?rst preferred embodiment of an apparatus 10 for reducing 
volume of a lung, in accordance With the present invention. 
Generally, the apparatus 10 includes a sheath 12, a closure 
device or clip 20, a stop member 32, and a de?ecting 
element 40. 

[0030] The sheath 12 is an elongate tubular member 
including a proximal end (not shoWn), a distal end 16 having 
a siZe for insertion into a bronchial passage or other body 
lumen (not shoWn), and a longitudinal axis 18 extending 
betWeen the proximal end and the distal end 16. The sheath 
12 includes a lumen 24 extending betWeen the proximal end 
and the distal end 16, and optionally may include one or 
more additional lumens (not shoWn), as described further 
beloW. The sheath 12 may be formed from a variety of 
knoWn biocompatible materials, and may have a diameter 
betWeen about tWo and tWenty millimeters (2-20 mm), and 
a length betWeen about tWenty and tWo hundred centimeters 

(20-200 cm). 
[0031] In one embodiment, the sheath 12 may be a bron 
choscope, including a camera, lens, and/or light source (not 
shoWn) on the distal end 16 of the sheath 12. The lumen 24 
may be a conventional instrument lumen provided in the 
bronchoscope or a special lumen con?gured for receiving 
the clip 20, stop member 32, and/or de?ecting element 40. 
Alternatively, a bronchoscope, endoscope, or other imaging 
or visualiZation device (not shoWn) may be generally asso 
ciated With the apparatus 10. For example, a separate 
bronchoscope or other device (not shoWn) may be provided 
that may be independently introduced along With the appa 
ratus 10 into a bronchial passage. Alternatively, the sheath 
12 may include an additional lumen (not shoWn) through 
Which a bronchoscope or other device may be advanced. In 
a further 5 alternative, a camera, lens, and/or light source 
(not shoWn) may be provided on the de?ecting element 40, 
as described further beloW. 
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[0032] The clip 20 is generally carried by the distal end 16 
of the sheath 12 during delivery, for example, Within a distal 
portion 26 of the lumen 24 such that the sheath 12 overlies 
the tines 22. Alternatively, the clip 20 may be carried on an 
exterior surface of the sheath 12 (not shoWn). The clip 20 is 
preferably detachably coupled to the sheath 12, the stop 
member 32, and/or the de?ecting element 40, alloWing the 
clip 20 to be delivered to and released at a predetermined 
location Within a bronchial passage, as described further 
beloW. 

[0033] The clip 20 generally includes an annular body or 
collar 28 from Which a plurality of tines 22 extend. The 
collar 28 de?nes an opening 30 therethrough, Which may be 
generally circular and/or may have a predetermined shape 
that alloWs the clip 20 to be detachably coupled to the 
apparatus 10, such as the de?ecting element 40, as described 
further beloW. The tines 22 are movable betWeen a con 
tracted condition (shoWn in FIGS. 1A, 2A) and an expanded 
condition (shoWn in FIGS. 1B, 2B). Although the exem 
plary embodiment of the clip 20 shoWn includes four tines 
22, any number of tines may be provided, as Will be 
appreciated by those skilled in the art. 

[0034] Preferably, the tines 22 are biased toWards the 
contracted condition, but are de?ectable toWards the 
expanded condition. The clip 20 may be formed from a 
single sheet of biocompatible material, e.g., a metal, such as 
stainless steel or Nitinol, or plastic. Preferably, the clip 20 is 
formed from an elastic or superelastic material, e.g., Nitinol, 
such that the tines 22 may be biased to compress toWards the 
contracted condition, but may be resiliently expanded to the 
expanded condition. Alternatively, the tines 22 may be 
plastically deformable toWards the contracted and/or 
expanded conditions. 

[0035] In the contracted condition, the tines 22 may 
extend generally parallel to the longitudinal axis 18 of the 
sheath 12 in the contracted condition, as shoWn in FIGS. 1A 
and 1B. Alternatively, the tines 22 may be biased to extend 
toWards one another such that the collar 28 and tines 22 
generally de?ne a plane. Thus, the tines 22 may be de?ected 
axially, as shoWn in FIGS. 1A and 2A, to provide a delivery 
con?guration, and further de?ected radially outWard to 
de?ne an expanded condition, as shoWn in FIGS. 1B and 
2B. Exemplary clips of this con?guration that may be 
incorporated into an apparatus in accordance With the 
present invention are disclosed in application Serial No. 
09/732,178, ?led Dec. 7, 2000, the disclosure of Which is 
expressly incorporated herein by reference. 

[0036] The stop member 32 is also disposed Within the 
lumen 24 of the sheath 12 proximal to the clip 20. The stop 
member 32 includes a proximal end (not shoWn), a distal end 
34, and a lumen 36 extending therebetWeen. The stop 
member 32 is also preferably tubular, similar to the sheath 
12, and may be formed to slidably ?t in close proximity to 
an inner Wall of the sheath 12. Preferably, the distal end 34 
is substantially blunt or otherWise formed to restrain the clip 
20 from axial movement, e. g., during retraction of the sheath 
12, or to advance the clip 20 from the sheath 12, as described 
further beloW. 

[0037] The de?ecting element 40 is also carried by the 
distal end 16 of the sheath 12 or otherWise associated With 
the clip 20. Preferably, the de?ecting element 40 is con 
nected to a cable, Wire, or other control member 42 that 
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extends proximally through the lumen 36 of the stop mem 
ber 32. Thus, the de?ecting element 40 and the stop member 
32 may be movable axially relatively to one another, and 
consequently relative to the clip 20, to cause expansion 
and/or collapse of the tines 22. For example, the apparatus 
10 may include an actuator (not shoWn) on the proximal end 
of the apparatus and coupled to the control member 42 
and/or the stop member 32 to control their relative move 
ment. 

[0038] The de?ecting element 40 includes one or more 
ramped surfaces 44 for slidably engaging the tines 22 of the 
clip 20 and a substantially rounded or otherWise atraumatic 
distal tip 46 for facilitating advancement of the apparatus 10 
through bronchial passages of a patient, as described further 
beloW. For example, as shoWn in FIG. 1A, the distal end 16 
of the sheath 12 (shoWn in phantom) may be advanced 
against the de?ecting element 40 to provide a rounded distal 
tip of the apparatus 10 to facilitate insertion through bron 
chial passages. Alternatively, the de?ecting element 40 may 
be shaped to protect the tines 22 and/or prevent them from 
catching on tissue during advancement through a body 
lumen such that the sheath 12 may be eliminated. 

[0039] The control member 42 may extend proximally 
from the de?ecting element 40 through the opening 30 in the 
clip 20 and/or through the lumen 36 of the stop member 32 
such that the de?ecting element 40 is located adjacent to 
and/or distal to the tines 22. Preferably, the opening 30 in the 
clip 20 and the de?ecting element 40 have predetermined 
mating shapes, alloWing the de?ecting element 40 to engage 
the clip 20, e.g., to expand the tines 22, yet be removed 
proximally through the opening 30 to release the clip 20 
from the apparatus 10. Preferably, a proximal portion of the 
de?ecting element 40 has a cross-sectional shape such that, 
in a ?rst angular orientation, the ramped surfaces 44 may be 
engaged With the tines 22 to expand them outWard Without 
alloWing release of the clip 20 from the de?ecting element 
40. In a second angular orientation, offset from the ?rst 
orientation by a predetermined angle, the de?ecting element 
40 may be removed through the opening 30, thereby releas 
ing the clip 20 from the apparatus 10. 

[0040] Thus, the clip 20 may be releasably coupled to the 
distal end 16 of the sheath 12 and/or to the de?ecting 
element 40. Alternatively, the clip 20 may be substantially 
permanently ?xed to the distal end 16 of the sheath 12, as 
described further beloW. 

[0041] In addition or alternatively, the apparatus 10 may 
include a source of electrical energy, e.g., a radio frequency 
(“RF”) generator (not shoWn), coupled to the proximal end 
of the sheath 12. The apparatus 10 may include one or more 
conductors, e.g., insulated Wire leads, ribbons, and the like 
(not shoWn), that extend along the stop member 32 or the 
control member 42. For example, Wire lead(s) may be 
embedded Within the Wall of the stop member 32 or Within 
a lumen that extend betWeen the proximal end and the distal 
end 34. The Wire lead(s) may be coupled to at least a portion 
of the clip 20 for delivering electrical energy to the clip 20, 
and consequently to tissue engaged by the tines 22. 

[0042] In one embodiment, a bipolar arrangement may be 
used to deliver RF energy to tissue. TWo of the tines 22 of 
the clip 20 may be electrically isolated from one another and 
coupled to respective lead Wires (not shoWn) that are, in turn, 
coupled to opposite terminals of the RF generator. For 
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example, the tines 22 may be connected to internal lead 
Wires Within the stop member 32 or control member 42 by 
conductive regions (not shoWn) on the outer surface of the 
stop member 32 or control member 42, or by relatively thin 
lead Wires (not shoWn) designed to break aWay When the clip 
20 is deployed. RF energy may then be able to travel 
betWeen the tines 22 via tissue engaged by the tines 22, as 
is Well knoWn in the art. 

[0043] Alternatively, a portion of the clip 20 may be 
coupled to a ?rst terminal of an RF generator (not shoWn) 
and another portion of the apparatus 10, e.g., the distal end 
34 of the stop member 32, or the distal end 46 of the 
de?ecting element 40, may be coupled to a second terminal 
of the RF generator. In a further alternative, a monopolar 
arrangement may be used, Wherein the clip 20 or a portion 
of the clip 20 is coupled to a ?rst terminal of an RF generator 
(not shoWn). An electrode, e.g., an electrode pad (not 
shoWn), may be provided that is attachable to an exterior 
surface of a patient and is coupled to a second terminal of the 
RF generator. RF energy may then travel betWeen the clip 20 
and the external electrode via intervening tissue, particularly 
tissue engaged by the tines 22, as is also Well knoWn in the 
art. 

[0044] In a further alternative, the apparatus 10 may 
include a bronchoscope, endoscope, or other imaging device 
(not shoWn), e.g., associated With the sheath 12 for vieWing 
beyond the distal end 16 of the sheath 12, as described 
above. For example, the bronchoscope may be a separate 
elongate device and the sheath 12 may include a lumen (not 
shoWn) extending betWeen the proximal end and the distal 
end 16. The bronchoscope may be inserted through the 
lumen until its vieWing lens is disposed adjacent or beyond 
the distal end 16 of the sheath 12. 

[0045] Alternatively, the sheath 12 may include a bron 
choscope formed into the body of the sheath 12 With a 
vieWing lens, camera, and/or light disposed on or adjacent 
the distal end 16. For example, the de?ecting element 40 
may include an imaging device (not shoWn) in its distal end 
46, and one or more optical ?bers and/or electrical leads 
(also not shoWn) may extend through the control member 42 
to the proximal end of the apparatus 10. An external device, 
e.g., including a processor and/or display (not shoWn) may 
be coupled to the proximal end of the bronchoscope and/or 
apparatus 10, for processing and/or displaying images 
acquired by the bronchoscope, as is Well knoWn in the art. 

[0046] In yet a further alternative, the sheath 12, stop 
member 32, or de?ecting element 40 may include a ?uid 
lumen (not shoWn) extending betWeen the proximal and 
distal ends of the apparatus 10. A source of ?uid, e.g., 
oxygen, air, or saline (not shoWn), may be connected to the 
proximal end of the apparatus 10 for introducing ?uid into 
a location beyond the distal end of the apparatus 10 via the 
?uid lumen. Alternatively or in addition, a source of chemi 
cal may be connected to the ?uid lumen for injecting 
corrosive chemicals, bonding agents, conductive ?uid, e.g., 
saline, and the like into a location beyond the distal end of 
the apparatus 10. In a further alternative, a source of vacuum 
may be connected to the lumen for evacuating ?uid, e.g., air 
from a location distal to the distal end. 

[0047] Turning to FIGS. 3A-3D, the apparatus 10 may be 
used to deliver a clip 20 into a body lumen, such as a 
bronchus or other bronchial passage 90, e.g., to substantially 
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isolate a region of a lung and/or to reduce the volume of the 
lung. The clip 20 may be mounted on or otherWise carried 
by a distal end 16 of the apparatus 10 With the tines 22 in a 
contracted condition, e.g., Within the lumen 24 of the sheath 
12. The distal end 16 may be introduced through a patient’s 
trachea (not shoWn) using conventional methods, and 
advanced into the bronchial passage 90, as best seen in FIG. 
3A. The passage 90 may communicate With a target region 
of the lung that is to be isolated, e.g., an upper lobe of the 
lung or other diseased region (not shoWn). 

[0048] Once the distal end 16 is located at a predetermined 
location Within the passage 90, e.g., a location distal to a 
branch communicating With the target region of the lung (not 
shoWn), the tines 22 may be expanded outWardly toWards 
the expanded condition to engage tissue 92 surrounding the 
predetermined location, as shoWn in FIG. 3B. If the appa 
ratus 10 includes a constraint, such as sheath 12, the con 
straint may be removed, e.g., by retracting the sheath 12 
until the clip 20 is exposed from Within the distal portion 26 
of the lumen 24. The de?ecting element 40 may then be 
moved proximally relative to the clip 20 to drive the tines 22 
up along the ramped surfaces 44 and outWard into the 
surrounding tissue 92. The stop member 32 may restrain the 
clip 20 from moving substantially as the anvil 40 is directed 
proximally. Alternatively, the stop member 32 may be 
advanced distally, thereby pushing the clip 20 distally until 
the tines 22 engage the ramped surfaces 44 and become 
de?ected radially outWard to pierce into the surrounding 
tissue 92. if desired, to enhance penetration of the tines 22 
into the surrounding tissue 92, the entire apparatus 10 and/or 
the de?ecting element 40 and stop member 32 may be 
moved axially, e.g., advanced distally, to drive the tines 22 
further into the tissue 92. 

[0049] Once the tissue 92 is suf?ciently engaged, the tines 
22 may be collapsed toWards the contracted condition, 
thereby draWing the surrounding tissue 92 inWardly to 
substantially close the bronchial passage 90 from air ?oW 
through the predetermined location, as shoWn in FIG. 3C. 
For example, the de?ecting element 40 may be moved 
distally aWay from the clip 20, such that the tines 22 are no 
longer being de?ected by the ramped surfaces 44. Because 
of the resiliency of the tines 22, they may automatically 
return toWards the contracted condition, thereby pulling the 
tissue 92 inWards. Alternatively, if the tines 22 are plastically 
deformable, a hammer or other driver (not shoWn) may be 
advanced over the clip 20 to force the tines 22 toWards the 
contracted condition, e.g., using the de?ecting element 40 as 
an anvil against Which to deform the clip 20. 

[0050] The clip 20 may then be released from the distal 
end of the apparatus 10 and the apparatus 10 WithdraWn 
from the passage 90, thereby leaving the clip 20 in place, as 
shoWn in FIG. 3D. To release the clip 20 from the de?ecting 
element 40, the de?ecting element 40 may be rotated relative 
to the clip 20 until it matches the cross-section of the 
opening (not shoWn) through the clip 20, thereby alloWing 
the de?ecting element 40 to pass freely through the opening 
in the clip 20. 

[0051] In a preferred embodiment, before WithdraWing the 
apparatus 10, energy may be applied to the surrounding 
tissue 92 after the tines 22 are collapsed toWards the con 
tracted condition, e.g., at the stage shoWn in FIG. 3C. This 
may cause the surrounding tissue 9 to fuse, scar, or otherWise 
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bond together or otherwise lose its resiliency to return to an 
open shape. Preferably, the clip 20 is coupled to a source of 
electrical energy, such as an RF generator (not shoWn), as 
described above, for applying electrical energy via the clip 
20 to the surrounding tissue 92. Alternatively, other forms of 
energy may be applied, such as laser energy, ultrasonic 
energy, and the like. In addition or alternatively, an adhesive 
or other bonding agent may be introduced into the prede 
termined location to further enhance the tissue 94 remaining 
together to substantially close and seal the passage 90. 

[0052] In an alternative embodiment, the clip 20 may be 
substantially permanently attached to the apparatus 10, but 
may be expandable and collapsible, as described above. 
After using energy and/or a bonding agent to fuse or bond 
the tissue 92 together, thereby closing the passage 90, the 
tines 22 may WithdraWn from the tissue 92 by WithdraWing 
the entire apparatus 10 from the passage 90. 

[0053] In a further alternative, the region being isolated 
may be treated, for example, by introducing an agent into the 
region before closing the passage 90 With the clip 20. For 
example, an insuf?ation lumen (not shoWn) may be provided 
in the apparatus 10 that may be used to in?ate the region 
before collapsing and/or releasing the clip 20. Alternatively, 
a separate insuf?ation catheter or other device (not shoWn) 
may be advanced distally beyond the clip 20 and an agent 
delivered to the region being isolated immediately before the 
clip 20 is collapsed. 

[0054] For example, the region, e.g., a lobe of a lung, may 
be hyper-in?ated With pure oxygen or a loW molecular 
Weight gas, such as helium. Once the clip 20 is delivered and 
the passage 90 substantially closed, the oxygen or helium 
may sloWly be absorbed by the tissue in the isolated region. 
As this occurs, the region may automatically at least par 
tially collapse, thereby reducing the volume that the region 
occupies Within the patient’s chest cavity. Alternatively, a 
corrosive agent, e.g., for scarring the tissue lining the region 
being isolated, or a bonding agent, e.g., for promoting the 
lining to adhere to itself as the region collapses, may be 
introduced using the insuf?ation lumen or insuf?ation cath 
eter. For example, talc is a knoWn agent that may be 
introduced into the region being isolated in order to cause 
the Walls of the region to scar and/or adhere to one another. 
Other exemplary materials that may be used are disclosed in 
PCT Publication No. WO 01/13908, published Mar. 1, 2001, 
the disclosure of Which is expressly incorporated herein by 
reference. 

[0055] Alternatively, an electrically conductive ?uid, e.g., 
saline, may be introduced into the region being isolated via 
the insuf?ation lumen before releasing or collapsing the clip 
20. Once the region is substantially ?lled With the conduc 
tive ?uid, electrically energy, e.g., RF energy, may be 
delivered via the conductive ?uid to scar or otherWise 
damage the tissue. For example, an electrode may be pro 
vided on a distal end of the apparatus 10 or an electrode may 
be electrically coupled via conductive ?uid delivered 
through the insuf?ation lumen. The conductive ?uid may 
then be removed, e.g., by aspirating via the insuf?ation 
lumen. 

[0056] In a further alternative, a source of vacuum may be 
used to aspirate any air or other ?uid in the region to 
substantially collapse the region before the passage is 
closed, either alone or in conjunction With a substance 
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delivered into the region. It Will be appreciated that more 
than one of these insuf?ation and/or aspiration steps may be 
performed in a single procedure. 

[0057] Turning to FIGS. 4-5, another embodiment of a 
closure device or clip 120 is shoWn that may be used to 
isolate a region of a lung, in accordance With the present 
invention. Generally, the closure device 120 includes an 
annular body or collar 128 from Which a plurality of tines 
122 extend. The collar 128 de?nes an opening 130 there 
through that may alloW the closure device 20 to be slidably 
received over the apparatus 110, as shoWn in FIG. 6. The 
tines 122 are movable betWeen a contracted condition 
(shoWn in FIGS. 4A and 4B) and an expanded condition 
(shoWn in FIGS. 5A and 5B). Although the exemplary 
embodiment of the closure device 20 shoWn includes tWo 
tines 122, any number of tines may be provided, as Will be 
appreciated by those skilled in the art. 

[0058] Preferably, the collar 128 is collapsible toWards the 
contracted condition, but is de?ectable outWardly toWards 
the expanded condition. In addition, the tines 122 may be 
de?ectable radially outWard (see FIG. 7B), but are direct 
able toWards one another, e.g., toWards an axial orientation, 
as shoWn in FIGS. 4A and 4B. The closure device 120 may 
be formed from a single sheet of biocompatible material, 
e.g., a metal, such as stainless steel or Nitinol, or plastic. 

[0059] Preferably, the closure device 120 is formed from 
an elastic or superelastic material, e.g., Nitinol, such that the 
collar 128 is biased to collapse toWards the contracted 
condition, but may be resiliently expanded to the expanded 
condition. In addition, the tines 122 may also be biased 
toWards an axial orientation, as shoWn in FIGS. 4A and SA, 
but may be resiliently de?ectable radially outWardly (as 
shoWn in FIG. 7B). 

[0060] Alternatively, tips 123 of the tines 122 may be 
biased inWardly toWards one another, as shoWn in FIGS. 7C 
and 7D. In this alternative, the tines 122 may be de?ected 
axially, as shoWn in FIG. 7A, to provide a delivery con 
?guration, may be de?ected radially outWardly to de?ne an 
expanded condition, as shoWn in FIG. 7B, and then may be 
collapsed toWards one another, as shoWn in FIGS. 7C and 
7D. In a further alternative, the collar 128 may be plastically 
deformable toWards the contracted and/or expanded condi 
tions. 

[0061] Turning to FIG. 6, an apparatus 110 is shoWn for 
delivering the closure device 120 that includes an elongate 
carrier member 112, a pusher member 132, and, optionally 
a sheath 150 (shoWn in phantom). The carrier member 112 
is an elongate member including a proximal end (not 
shoWn), a distal end 114 having a siZe for insertion into a 
bronchial passage or other body lumen (not shoWn), and 
de?ning a longitudinal axis 118. Optionally, the carrier 
member 122 may include one or more lumens (not shoWn), 
e.g., for facilitating advancing the apparatus 110 over a 
guide Wire, for delivering a ?uid or agent beyond the distal 
end 114, for aspirating ?uid from beyond the distal end 114, 
and/or for receiving a bronchoscope therethrough, similar to 
the embodiment described above. 

[0062] Ade?ecting element 140 is formed on, attached to, 
or otherWise carried by the distal end 116 of the carrier 
member 112. The de?ecting element 140 includes one or 
more ramped surfaces 144 for slidably engaging the tines 
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122 of the closure device 120. The de?ecting element 140 
may also include a substantially rounded or otherWise atrau 
matic distal tip 146 for facilitating advancement of the 
apparatus 110 through bronchial passages of a patient. 

[0063] The closure device 120 is disposed on an outer 
surface 148 of the carrier member adjacent to the de?ecting 
element 140. Preferably, the tips 123 of the tines 122 of the 
closure device 120 are disposed toWards the ramped surfaces 
144 and the collar 128 is disposed aWay from the ramped 
surfaces 144. The outer surface 148 of the carrier member 
112 may be substantially smooth and/or may be coated With 
a coating. e.g., Te?on, to facilitate sliding the closure device 
120 axially along the carrier member 112, particularly if the 
tines 122 are biased toWards one another. 

[0064] The pusher member 132 is slidably disposed on the 
carrier member 112 and includes a proximal end (not 
shoWn), a distal end 134, and a lumen 136 extending 
therebetWeen. The stop member 132 is preferably tubular 
and may be formed to slidably ?t in close proximity to the 
outer surface 148 of the carrier member 112, i.e., such that 
the carrier member 112 is slidably disposed Within the lumen 
136. Preferably, the distal end 134 is substantially blunt 
and/or of sufficient thickness for abutting and/or otherWise 
advancing the closure device 120 relative to the carrier 
member 112, as described further beloW. 

[0065] The sheath 150, if included, is an elongate tubular 
member including a proximal end (not shoWn), a distal end 
152 having a siZe for insertion into a bronchial passage or 
other body lumen (not shoWn), and a lumen 154 extending 
between the proximal end and the distal end 152. The sheath 
150 may be a bronchoscope (not shoWn) or the sheath 150 
may include an additional lumen (not shoWn) through Which 
a bronchoscope or other device may be advanced, similar to 
the previous embodiment. Preferably, the distal end 152 of 
the sheath 150 may be advanced against the de?ecting 
element 140 to provide a rounded distal tip of the apparatus 
110, e.g., to facilitate insertion through bronchial passages. 
Alternatively, the tines 122 may be in sufficient close 
proximity to the outer surface 148 of the carrier member 112 
to prevent them from catching on tissue during advancement 
through a body lumen such that the sheath 150 may be 
eliminated. 

[0066] Optionally, the apparatus 110 may include a source 
of electrical energy, e.g., an RF generator (not shoWn), 
coupled, for example, to the proximal end of the carrier 
member 112 and/or the pusher member 132. The apparatus 
110 may include one or more conductive paths, e.g., extend 
ing along the carrier member 112 and/or the pusher member 
132 that may coupled to at least a portion of the closure 
device 120 for delivering electrical energy to the closure 
device 120, and consequently to tissue engaged by the tines 
122, similar to the embodiment described above. 

[0067] Turning to FIGS. 7A-7D, the apparatus 110 may be 
used to deliver the closure device 120 into a body lumen, 
such as a bronchus, bronchiole, or other bronchial passage 
90, e.g., to substantially isolate a region of a lung and/or to 
reduce the volume of the lung. The closure device 120 may 
be mounted on or otherWise carried by a distal end 114 of the 
carrier member 112 preferably With the tines 122 and collar 
128 biased toWards the contracted condition, as described 
above. 

[0068] The distal end 114 of the carrier member 112 may 
be introduced through a patient’s trachea (not shoWn) using 
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conventional methods, and advanced into the bronchial 
passage 90, as best seen in FIG. 7A. The passage 90 may 
communicate With a target region of the lung that is to be 
isolated, e.g., an upper lobe of the lung or other region that 
includes substantially diseased and/or damaged tissue (not 
shoWn). The carrier member 112 may be covered by a sheath 
(not shoWn), or may be inserted through a lumen of a 
bronchoscope (also not shoWn), as described above. 

[0069] Once the distal end 114 is located at a predeter 
mined location Within the passage 90, e.g., a location distal 
to a branch communicating With the target region of the lung 
(not shoWn), the sheath may be retracted (if provided), and 
the pusher member 132 may be advanced distally relative to 
the carrier member 112. As the pusher member 132 is 
advanced, the distal end 134 of the pusher member 132 may 
engage the collar 128 of the closure device 120, thereby 
advancing the clip 122 distally along the carrier member 12. 
As the tips 123 of the tines 122 slidably engage the ramped 
surfaces 144, the tines 122 are directed radially outWardly 
until they are driven into tissue 92 surrounding the passage 
90, as best seen in FIG. 7B. 

[0070] Turning to FIG. 7C, the pusher member 132 may 
be advanced further until the collar 128 of the closure device 
120 engages the ramped surfaces 144 of the de?ecting 
element 140. This causes the collar 128 to expand outWardly 
toWards the expanded condition. In the expanded condition, 
the opening 130 (see FIG. 5B) may alloW the closure device 
120 to be advanced over the de?ecting element 140. As the 
closure device 120 is advanced over the de?ecting element 
140, the tines 122, because of their natural bias, begin to 
return toWards the contracted condition, thereby draWing the 
surrounding tissue 92 inWards to substantially close the 
passage 90, as shoWn in FIG. 7C. 

[0071] If desired, electrical energy may then be applied to 
scar, expand, and/or otherWise fuse the surrounding tissue 92 
to enhance closure of the passage 90. In addition or alter 
natively, oxygen or other ?uid may be insuf?ated into the 
region beyond the closure device 120 and/or ?uid may be 
aspirated from the region beyond the closure device 120. 
Furthermore, agents, e.g., corrosive or bonding agents, or 
electrically conductive ?uid, may be introduced into the 
region, all similar to the previous embodiment. 

[0072] As shoWn in FIG. 7D, once the tines 122 are 
substantially engaged With the surrounding tissue 92 and/or 
begin to collapse toWards the contracted condition, the 
apparatus 110 may be WithdraWn from the passage 90, 
leaving the closure device 120 implanted Within the passage 
90. As the apparatus 110 is WithdraWn, resilient expansion of 
the collar 128 may alloW the de?ecting element 140 to be 
WithdraWn through the opening 130 in the collar 128. 
Alternatively or in addition, the bias of the tines 122 toWards 
the contracted condition may cause the collar 128 to at least 
partially expand toWards the expanded condition until the 
de?ecting element 140 is removed. Once the closure device 
120 passes distally beyond the de?ecting element 140, the 
collar 128 may collapse substantially toWards the contracted 
condition and/or the tines 122 may contract inWardly, as 
shoWn in FIG. 7D. 

[0073] In an alternative embodiment, tines (not shoWn) 
similar to those on the closure device 120 may be substan 
tially permanently attached to the apparatus 110, that may be 
expandable and collapsible, similar to the tines 122 
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described above. After using energy and/or a bonding agent 
to fuse or bond the tissue 92 together, thereby closing the 
passage 90, the tines may WithdraWn from the tissue 92, e.g., 
by WithdraWing the entire apparatus 10 from the passage 90, 
similar to the previous embodiment. 

[0074] Turning to FIGS. 8A-8C, yet another apparatus 210 
is shoWn for closing a passage 90, such as a bronchial 
passage communicating With a region of a lung to be 
isolated. Generally, the apparatus 210 includes a sheath 212, 
a closure device or clip 220 carried by the sheath 212, and 
a pusher member 232 for deploying the closure device 220. 
The sheath 212 is an elongate tubular member including a 
proximal end (not shoWn), a distal end 216 having a siZe for 
insertion into a bronchial passage or other body lumen (not 
shoWn), and a lumen 224 therebetWeen de?ning a longitu 
dinal axis 218. 

[0075] A de?ecting element 240 is formed on or attached 
to the distal end 216 of the sheath 212. Preferably, the 
de?ecting element 240 includes one or more shoulders 242 
de?ning a narroW outlet 244 communicating With the lumen 
224. The shoulders 242 include proximal surfaces 246 that 
may be ramped or may be substantially blunt. 

[0076] The closure device 220 includes a plurality of 
elongate elements or tines 222, each of Which includes a ?rst 
end 223 de?ning a tissue penetrating tip, and a second end 
226 opposite the ?rst end 223. Ahinged region 228 pivotally 
couples the elongate elements 222 together, e.g., at inter 
mediate regions, such that the ?rst ends 223 are movable 
from a contracted it condition aWay from one another 
toWards an expanded condition, preferably When the second 
ends 226 are directed toWards one another. 

[0077] Preferably, the elongate elements 222 are substan 
tially rigid such that they pivot about the hinged region 228. 
For example, When the second ends 226 are directed radially 
inWardly, the ?rst ends 223 are directed radially outWardly, 
and vice versa. The elongate elements 222 may also be 
substantially straight or slightly curved such that the elon 
gate elements de?ne outer surfaces that may be slidably 
engaged With the de?ecting element 240, as described 
further beloW. 

[0078] In a preferred embodiment, the closure device 220 
is formed from an elastic or superelastic material, e.g., 
Nitinol, such that the ?rst ends 223 are biased toWards one 
another, as shoWn in FIG. 8A, thereby de?ning the con 
tracted condition. The closure device 220 may be resiliently 
de?ected such that the ?rst ends 223 are directed radially 
outWardly aWay from one another, as shoWn in FIG. 8B, 
thereby de?ning the expanded condition. Preferably, the ?rst 
ends 223 are directed toWards each other in the contracted 
condition such that a cross-section of the closure device 220 
at the ?rst ends 223 is substantially smaller than at the 
second ends 226. More preferably, a cross-section of the 
closure device 220 at the intermediate regions is also sub 
stantially smaller than at the second ends 226 in the con 
tracted condition. 

[0079] The pusher member 232 includes a distal end 234 
that is disposed Within the lumen 224 proximal to the closure 
device 220. Preferably, the distal end 234 slidably engages 
an inner Wall of the sheath 212 de?ning the lumen 224, 
thereby ensuring that the distal end 234 substantially abuts 
the second ends 226 of the closure device 220, Which may 
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be blunt or pointed. The pusher member 232 is slidable 
relative to the sheath 212 for engaging the second ends 226 
of the closure device 220 With the distal end 234 of the 
pusher member 232, e. g., for ejecting the closure device 220 
from the lumen 224, as described beloW. 

[0080] In addition, similar to the embodiments described 
above, the apparatus 210 may include a bronchoscope, an 
RF generator, lumens and sources of ?uid or agents (not 
shoWn), as Will be appreciated by those skilled in the art. 

[0081] Use of the apparatus 110 proceeds similarly to the 
embodiments described above. As shoWn in FIG. 8A, the 
apparatus 110 may be introduced into a lung or other body 
lumen until the distal end 216 is disposed at a predetermined 
location, e.g., Within a bronchial passage 90 communicating 
With a region of the lung to be isolated (not shoWn). Once 
the predetermined location has been reached, the pusher 
member 232 may be advanced distally relative to the sheath 
212. 

[0082] Preferably, as shoWn, the cross-section of the clo 
sure device 220 at the ?rst ends 223 is substantially smaller 
than the distal outlet 244. Thus, as the pusher member 232 
is advanced, the ?rst ends 223 pass through the distal outlet 
244 into the passage 90. As the closure device 220 partially 
exits the lumen 224, the shoulders 242 slidably engage the 
outer surfaces of the elongate elements 222 of the closure 
device 220, e.g., proximate the intermediate regions. As the 
closure device 220 is deployed further, the shoulders 242 
apply a radially compressive force, causing the second ends 
226 of the closure device 220 to move radially inWardly. 
Because the elongate elements 222 pivot about the hinged 
region 228, this causes the ?rst ends 223 to extend radially 
outWardly and into the surrounding tissue 92, as shoWn in 
FIG. 8B. 

[0083] As the pusher member 232 advances to push the 
remainder of the closure device 220 through the distal outlet 
244, the second ends 226 clear the shoulders 242, thereby 
removing the radially compressive force being applied to the 
second ends 226. Because of the bias of the hinged region 
228, the second ends 226 expand outWard, and the ?rst ends 
223 collapse inWardly, thereby draWing the surrounding 
tissue 92 inWardly, as shoWn in FIG. 8C. 

[0084] The apparatus 210 may then be WithdraWn, leaving 
the closure device 220 in place to hold the passage 90 closed. 
In addition, electrical energy, bonding agents, and the like 
may be used in conjunction With the closure device 220 to 
substantially close the passage 90, similar to the embodi 
ments described above. 

[0085] Turning to FIGS. 9A-9D, yet another embodiment 
of a closure device or clip 320 is shoWn for closing a 
bronchial passage or other body lumen (not shoWn). The 
closure device 320 generally includes an annular body 328 
de?ning a central region 330 from Which a plurality of tines 
322 extend. The closure device 320 is movable betWeen an 
expanded condition and a contracted condition. In the 
expanded condition, the tines 322 preferably extend radially 
outWardly aWay from the annular body 328 such that the 
closure device 320 de?nes a generally planar con?guration, 
as shoWn in FIGS. 9A and 9B. 

[0086] In the contracted condition, the tines 322 may be 
de?ected toWards one another, such that the closure device 
320 de?nes a generally concave con?guration, as shoWn in 
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FIGS. 10A and 10B. Alternatively, the annular body 328 
may be compressed inwardly, similar to the closure device 
shown in FIG. 4B. Preferably, the closure device 320 is 
formed from an elastic or superelastic material, e.g., Nitinol, 
such that the closure device 320 is biased toWards the 
expanded condition, but may be compressed toWards the 
contracted condition to facilitate delivery, as described fur 
ther beloW. 

[0087] A ?exible membrane 331 is secured across the 
central region 330 of the closure device 320, thereby sub 
stantially sealing the central region 330 from ?uid ?oW 
therethrough. The ?exible membrane 331 may be formed 
from a variety of biocompatible materials, such as [preferred 
materials?]. The membrane 331 may be elastic, e.g., 
stretched across the central region 330, to accommodate 
compression and expansion of the closure device 320. 
Alternatively, the membrane 331 may be substantially 
inelastic, e.g., attached to the annular body 328 in the 
expanded condition such that the membrane 331 extends 
across the central region 330. The membrane 331 may be 
folded, crumpled, or otherWise furled When the closure 
device 320 is compressed toWards the contracted condition. 
The membrane 331 may increase the ?exibility of the 
closure device 320 to move betWeen its contracted an 
expanded conditions. In a further alternative, the closure 
device 320 may be formed from su?iciently ?exible material 
that the central region 330 may be eliminated, i.e., the 
closure device may include a solid body (not shoWn) rather 
than the annular body 328. 

[0088] Turning to FIGS. 11A and 11B, the closure device 
320 may be delivered and implanted using an apparatus 310, 
similar to those described above. Generally, the apparatus 
310 includes a sheath 312 including a lumen 324 extending 
betWeen its proximal end (not shoWn) and its distal end 316. 
The closure device 320 is disposed Within the lumen 324 in 
the contracted condition. In the contracted condition, the 
membrane 331 may elastically shrink and/or may be folded, 
crumpled, or otherWise furled. A pusher member 332 is 
slidably disposed Within the lumen 324 such that a distal end 
334 of the pusher member 332 is disposed proximal to the 
closure device 320. The sheath 312 constrains the closure 
device 320 in the contracted condition Within the lumen 324. 

[0089] Although the tines 322 are shoWn being directed 
proximally toWards the pusher member 332, it Will be 
appreciated that the tines 322 may be reversed, i.e. directed 
aWay from the pusher member 332. Preferably, the inner 
Wall of the sheath 312 is coated With a material, e.g., Te?on, 
to facilitate slidably deploying the closure device 320 from 
the lumen 324. 

[0090] With particular reference to FIG. 11A, the appa 
ratus 310 is introduced into a patient’s trachea and advanced 
into a bronchial passage until the distal end 316 of the sheath 
312 reaches a predetermined location. Preferably, the pre 
determined location is a bronchus, bronchiole, or other 
passage 90 that communicates With a diseased region or 
other region of a lung that is to be isolated. 

[0091] As shoWn in FIG. 11B, the pusher member 332 is 
advanced distally, thereby deploying the closure device 320 
from the lumen 324 into the passage 90. Once the tines 322 
are released Within the passage 90, the closure device 320 
preferably expands toWards its expanded planar condition, 
thereby causing the tines 322 to engage and/or penetrate into 
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surrounding tissue 92. The membrane 331 expands, possibly 
stretching and/or unfurling, as the closure device 320 
expands to extend across the passage 90 to substantially seal 
the passage 90 from air ?oW therethrough. The apparatus 
310 may then be WithdraWn, leaving the closure device 320 
Within the passage 90 to substantially close and/or seal the 
passage 90. Similar to the embodiments described above, the 
procedure may be monitored using a bronchoscope and the 
like. In addition, a ?uid, bonding agent, and/or corrosive 
agent may be introduced beyond the closure device 320 to 
further enhance isolation and/or collapse of the region of the 
lung beyond the closure device 320. 

[0092] Thus, a closure device and/or apparatus in accor 
dance With the present invention may be used to substan 
tially isolate a region of a lung and/or to reduce the volume 
of the lung Without need for open surgery. Thus, trauma to 
the patient may be minimiZed and/or recovery time may be 
accelerated as compared to conventional LVRS. 

[0093] While the invention is susceptible to various modi 
?cations, and alternative forms, speci?c examples thereof 
have been shoWn in the draWings and are herein described 
in detail. It should be understood, hoWever, that the inven 
tion is not to be limited to the particular forms or methods 
disclosed, but to the contrary, the invention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the appended claims. 

What is claimed is: 
1. An apparatus for isolating a region of a lung, compris 

ing: 
an elongate member comprising a proximal end, a distal 

end having a siZe for insertion into a bronchial passage, 
and a longitudinal axis extending betWeen the proximal 
and distal ends; 

a closure device carried by the distal end, the closure 
device comprising a plurality of tines that are movable 
betWeen contracted and expanded conditions; and 

a de?ecting element carried by the distal end of the 
elongate member, at least one of the de?ecting element 
and the closure device being movable relative to the 
other for engaging the closure device With the de?ect 
ing element to de?ect the tines outWardly toWards the 
expanded condition for engaging tissue surrounding the 
distal end; 

the tines being collapsible toWards the contracted condi 
tion for draWing the surrounding tissue inWardly to 
substantially close the bronchial passage. 

2. The apparatus of claim 1, Wherein the de?ecting 
element comprises one or more ramped surfaces extending 
transversely outWard from the distal end of the elongate 
member. 

3. The apparatus of claim 2, Wherein the closure device is 
slidably disposed on the distal end of the elongate member 
proximate the one or more ramped surfaces, and Wherein the 
apparatus further comprises a pusher member proximate the 
closure device, the pusher member being movable relative to 
the elongate member for driving the tines onto the one or 
more ramped surfaces for de?ecting the tines outWardly 
toWards the expanded condition. 

4. The apparatus of claim 3, Wherein the closure device 
comprises an expandable collar from Which the tines extend, 
and Wherein the pusher member is movable relative to the 
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elongate member for advancing the closure device over the 
one or more ramped surfaces, the collar expanding as it 
advanced over the one or more ramped surfaces. 

5. The apparatus of claim 4, Wherein the collar is biased 
to collapse radially inWard upon being advanced over the 
one or more ramped surfaces, and Wherein the tines are 
biased toWards the contracted condition upon being 
advanced over the one or more ramped surfaces. 

6. The apparatus of claim 1, further comprising a source 
of electrical energy coupled the closure device for delivering 
electrical energy to surrounding tissue via the tines. 

7. The apparatus of claim 6, Wherein the source of 
electrical energy comprises a radio frequency (RF) genera 
tor. 

8. The apparatus of claim 6, Wherein at least a portion of 
the closure device is coupled to a ?rst terminal of the source 
of electrical energy, and Wherein another portion of the 
apparatus is coupled to a second opposite terminal of the 
source of electrical energy. 

9. The apparatus of claim 6, Wherein the plurality of tines 
comprise ?rst and second tines, the ?rst and second tines 
being electrically coupled to opposite terminals of the RF 
generator. 

10. The apparatus of claim 6, Wherein the closure device 
is coupled to a ?rst terminal of the RF generator, the 
apparatus further comprising an electrode attachable to an 
exterior surface of a patient, the electrode being coupled to 
a second terminal of the RF generator. 

11. The apparatus of claim 1, Wherein the elongate mem 
ber comprises a tubular member including a lumen extend 
ing betWeen the proximal and distal ends, the closure device 
being slidably deployable from Within a distal portion of the 
lumen. 

12. The apparatus of claim 11, further comprising a 
pusher member slidable Within the lumen for deploying the 
closure device from the distal portion of the lumen. 

13. The apparatus of claim 1, further comprising a bron 
choscope associated With the elongate member for vieWing 
beyond the distal end of the elongate member. 

14. The apparatus of claim 13, Wherein the bronchoscope 
is inserted through a lumen in the elongate member. 

15. The apparatus of claim 1, Wherein the elongate 
member comprises a lumen extending betWeen the proximal 
and distal ends, the apparatus further comprising a source of 
?uid connected to the proximal end of the elongate member 
for delivering ?uid to a location beyond the distal end of the 
elongate member. 

16. The apparatus of claim 1, Wherein the closure device 
comprises an opening and the de?ecting element comprises 
an anvil received through the opening, the anvil and the 
closure device being keyed such that, When the anvil is in a 
?rst angular position relative to the closure device, axial 
movement of the anvil causes the tines of the closure device 
to be de?ected toWards the expanded condition, and, in a 
second angular position, the anvil is removable from the 
closure device through the opening. 

17. The apparatus of claim 1, Wherein the tines of the 
closure device are biased toWards the contracted condition, 
but are de?ectable toWards the expanded condition. 

18. The apparatus of claim 17, Wherein the closure device 
comprises a generally annular shaped body from Which the 
plurality of tines extend. 

19. The apparatus of claim 17, Wherein the plurality of 
tines extend toWards one another in the contracted condition. 
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20. The apparatus of claim 17, Wherein the plurality of 
tines extend generally parallel to the longitudinal axis of the 
elongate member in the contracted condition. 

21. A method for reducing volume of a lung using a 
closure device comprising a plurality of tines movable 
betWeen contracted and expanded conditions, the method 
comprising: 

advancing the closure device With the tines in the con 
tracted condition along a bronchial passage to a pre 
determined location; 

expanding the tines outWardly toWards the expanded 
condition to engage tissue surrounding the predeter 
mined location; and 

collapsing the tines toWards the contracted condition, 
thereby draWing the surrounding tissue inWardly to 
substantially close the bronchial passage from air ?oW 
through the predetermined location. 

22. The method of claim 21, Wherein the closure device 
is carried by a distal end of an elongate member. 

23. The method of claim 22, Wherein the method further 
comprises releasing the closure device from the distal end 
after the tines engage and close the bronchial passage. 

24. The method of claim 21, further comprising applying 
energy to the surrounding tissue after collapsing the tines to 
the contracted condition, thereby at least partially fusing the 
surrounding tissue together. 

25. The method of claim 24, further comprising With 
draWing the closure device from the predetermined location 
after the step of applying energy. 

26. The method of claim 21, Wherein the step of expand 
ing the tines comprises engaging the closure device With a 
de?ecting element, thereby causing the tines to de?ect 
outWard toWards the expanded condition. 

27. The method of claim 26, Wherein the tines are biased 
toWards the contracted condition, and Wherein the step of 
collapsing the tines comprises advancing the closure device 
beyond the de?ecting element, Whereupon the tines auto 
matically collapse toWards the contracted condition. 

28. The method of claim 21, further comprising delivering 
a substance to a location distal to the predetermined location 
before collapsing the tines. 

29. The method of claim 30, Wherein the substance 
comprises at least one of oxygen, helium, a corrosive agent, 
and a bonding agent. 

30. The method of claim 28, Wherein the substance 
comprises an electrically conductive ?uid, and Wherein the 
method further comprises delivering electrical energy via 
the ?uid into the location distal to the predetermined loca 
tion. 

31. The method of claim 21, Wherein the bronchial 
passage communicates With a region of a lung being iso 
lated, the method further comprising hyper-in?ating the 
region being isolated before collapsing the tines, Wherein the 
region collapses upon itself after the tines are collapsed. 

32. The method of claim 21, further comprising evacuat 
ing ?uid from a location distal to the predetermined location 
before collapsing the tines. 

33. The method of claim 21, further comprising applying 
an adhesive to the surrounding tissue after collapsing the 
tines to bond the tissue together. 
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34. An apparatus for isolating a region of a lung, com 
prising: 

a closure device comprising a plurality of elongate ele 
ments, each elongate element comprising a ?rst end 
de?ning a tissue penetrating tip, a second end opposite 
the ?rst end, and an intermediate region betWeen the 
?rst and second ends, and a hinged region pivotally 
coupling the intermediate regions of the elongate ele 
ments together such that the ?rst ends are movable 
from a contracted condition aWay from one another 
toWards an expanded condition When the second ends 
are directed toWards one another. 

35. The apparatus of claim 34, Wherein the hinged region 
comprises an elastic material for biasing the ?rst ends 
toWards the contracted condition. 

36. The apparatus of claim 35, further comprising: 

a tubular member comprising a proximal end, a distal end 
having a siZe for insertion into a body lumen, and a 
lumen extending betWeen the proximal and distal ends, 
the closure device being disposed Within the lumen 
With the ?rst ends oriented toWards a distal outlet of the 
lumen; and 

a pusher member disposed Within the lumen proximal to 
the closure device, the pusher member being slidable 
relative to the tubular member for deploying the closure 
device from the distal outlet. 

37. The apparatus of claim 36, Wherein the tubular mem 
ber comprises a de?ecting element for engaging the closure 
device during deployment from the distal outlet to direct the 
second ends toWards one another and thereby moving the 
?rst ends toWards the expanded condition. 

38. A method for isolating a region of a lung using a 
closure device comprising a plurality of tines movable 
betWeen contracted and expanded conditions, the method 
comprising: 

advancing the closure device With the tines in the con 
tracted condition along a bronchial passage to a pre 
determined location; and 

expanding the tines outWardly toWards the expanded 
condition to engage tissue surrounding the predeter 
mined location; the closure device extending across the 
passage to substantially close the passage from ?uid 
?oW therethrough. 
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39. A device for closing a bronchial passage, comprising: 

an annular body de?ning an opening therethrough and 
including a plurality of tines extending from the body 
aWay from the opening, the body being compressible 
from an expanded condition toWards a contracted con 
dition for facilitating introduction into a bronchial 
passage; and 

a ?exible membrane extending across the opening for 
substantially sealing the opening from air ?oW there 
through. 

40. The device of claim 39, Wherein the tines extend 
radially outWardly from the body in the expanded condition, 
thereby de?ning a substantially planar con?guration. 

41. The device of claim 39, Wherein the tines 322 are 
de?ected toWards one another in the contracted condition 
such that the body de?nes a concave con?guration. 

42. The device of claim 39, Wherein the tines are biased 
toWards the expanded condition. 

43. A method for reducing volume of a lung using a 
closure device comprising a planar body from Which a 
plurality of tines extend, the tines being movable betWeen 
contracted and expanded conditions, the method compris 
mg: 

advancing the closure device With the tines in the con 
tracted condition along a bronchial passage to a pre 
determined location; and 

expanding the tines outWardly toWards the expanded 
condition to engage tissue surrounding the predeter 
mined location, Whereby the planar body substantially 
seals the bronchial passage from air ?oW through the 
predetermined location. 

44. The method of claim 43, Wherein the planar body 
comprises an annular body de?ning an opening across Which 
a ?exible membrane extends, and Wherein the ?exible 
membrane accommodates compression and expansion of the 
annular body as the tines are compressed and expanded. 

45. The method of claim 43, Wherein the tines are 
constrained in the contracted condition by a delivery appa 
ratus carrying the closure device, and Wherein the expanding 
step comprises deploying the closure device from the deliv 
ery apparatus, Whereupon the tines automatically expand 
toWards the expanded condition. 

* * * * * 


